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In healthy preterm- and term-born infants, EEG recorded during the days and weeks 
following birth comprises a relatively high degree of slow, delta activity (<4 Hz; e.g. Bell et 
al., 1991; Victor et al., 2005). This is substantially different from adult EEG, wherein alpha (8-
12 Hz) is the dominant activity in healthy controls and predominant delta activity is 
characteristic of cerebral pathophysiology (e.g. Finnigan et al., 2016). The 
neurodevelopmental underpinnings and significance of this high degree of delta activity in 
healthy neonates, remains unclear and is the focus of this correspondence. 
 
Power is a quantitative electroencephalographic (QEEG) measure of the intensity (amplitude 
squared) of EEG activity in a given frequency band (e.g. delta), relative to power across the 
total EEG frequency range of interest. For example relative delta power can be calculated as 
total power with the delta band (0.5-4 Hz) as a proportion of total power across the 0.5-30 Hz 
range (e.g., Finnigan et al., 2016; as described below, precise frequency criteria can vary 
between studies). In a cross-sectional study of 60 healthy infants born at 26-41 weeks and 
assessed with EEG on the third day after birth, Bell et al (1991) reported gestational age 
(GA) was negatively correlated with relative “lower-delta” power (0.25-1 Hz) but positively 
correlated with relative power of higher frequency bands. Relative lower-delta power was 0.7 
or higher in 19/20 infants born at 26-32 weeks, and 0.6 or higher in 19/20 term-born infants. 
Similar data were reported from 24 infants born at 24-30 weeks (median 27); in EEG 
assessed four days after birth median relative delta (0.5-3.5 Hz) power was 0.81 (range 
0.72-0.89) (Victor et al., 2005). These authors proposed relative delta power to be “the most 
useful and repeatable” of various QEEG measures for longitudinal brain monitoring. 
  
These delta power statistics contrast markedly with those from healthy adults, in whom we 
have observed mean relative delta power (0.5-4 Hz) to be 0.29 (range 0.09-0.52) (Finnigan 
et al., 2016). Indeed EEG slowing and increased delta activity is a characteristic abnormality 
observed in adults in a range of neurological disorders. In a sample of acute ischaemic 
stroke cases we observed significantly higher mean relative delta power (0.58; range 0.46-
0.74) and that a criterion value of 0.49 demonstrates 94% sensitivity and 96% specificity for 
classifying relative delta as normative or not (Finnigan et al., 2016). Thus the relative delta 
values typical in healthy neonates before and in the weeks following term age, would be 
abnormal according to such criteria for adult EEG. We now propose a mechanistic 
explanation for this scenario, in terms of development of bidirectional, thalamo-cortical 
network connectivity.  
 
Development of neuronal connectivity between thalamic and cortical regions critically 
involves the subplate, a transient structure beneath the developing cortical plate comprising 
a heterogeneous neuronal population that involutes during the third trimester and disappears 
soon after birth at term (e.g. see Kanold and Luhmann, 2010). Development of thalamo-
cortical connections, via intermediary subplate neurons initially, occurs during the third 
trimester. Subplate neurons are likewise involved in subsequent development of cortico-
thalamic connections, although this occurs later predominantly after term equivalent age 
(Kanold and Luhmann, 2010; see Figure1). 
In a recent study combining computational modelling and analyses of QEEG data from adult 
stroke cases and matched controls, we report evidence that post-stroke delta activity reflects 
thalamo-cortical dysrhythmia (TCD; van Wijngaarden et al., 2016) which also occurs in other 
neurological conditions. TCD emerges when disruption of “top-down” excitatory modulation 
of thalamic neurons by cortical neurons engenders low-frequency bursting in thalamic nuclei. 
Our model demonstrated that loss of such cortico-thalamic modulation produces sustained 
cell membrane hyperpolarization in the corresponding thalamic neurons (and de-inactivation 
of calcium channels) switching them from tonic spiking to low-frequency bursting mode, 
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which in turn is propagated to cortical regions via thalamo-cortical projections. We propose 
that TCD underlies the abnormally high relative delta power observed post-stroke (van 
Wijngaarden et al., 2016). 
It is possible that analogous network dynamics may exist transiently in the neonatal brain 
around and before term age, after thalamo-cortical projections are established but before 
cortico-thalamic projections are fully developed and functional (see Figure 1). Hence a TCD-
like phenomenon may temporarily occur during normal development in the healthy 
preterm/perinatal brain, until cortico-thalamic connections – and thereby, cortical modulation 
of thalamic neurons - become functional. This could explain the high relative delta power 
typical of this developmental stage. Under this framework, functional maturation of cortico-
thalamic projections and – and the associated cortical modulation of thalamic neurons – 
would result in cessation of TCD, as well as reduced relative delta power. Additionally the 
maturation of functional, bidirectional thalamo-cortical connectivity would likely coincide with 
emergence of higher frequency, including alpha, activity. This proposal is consistent with the 
positive correlations between GA and relative power of faster frequency bands reported by 
Bell et al (1991) and others. To the degree that these proposals are accurate, relative 
bandpower measures from neonatal EEG may be considered as proxy markers of 
development of bidirectional functional connectivity in thalamo-cortical networks. For 
example high relative delta (and low relative power of higher frequency bands) would 
indicate that such networks are not fully developed or functional, whereas the converse 
would indicate intact, bidirectional connectivity. This scenario may help explain the apparent 
value of relative delta power in longitudinal brain monitoring and assessments, including in 
the neonatal intensive care unit (Victor et al.,2005). 
Future studies could investigate the above proposals, for example via a combination of 
electrophysiological and histological methods in animal models or in humans, EEG and any 
putative imaging method which could potentially provide novel insights. One appropriate goal 
of future QEEG-focused studies will be to identify age-related normative ranges for relative 
bandpower measures (as we have done in adults; Finnigan et al., 2016), particularly for the 
weeks or months following term age. Such studies, including correlation of such QEEG 
measures with  neurodevelopmental outcome measures, are warranted. Pending the results, 
individual infants’ QEEG measures could be assessed in future relative to normative ranges 
to help inform early neurodevelopmental assessments or perhaps, prognostication of 
outcomes.  
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Legend 
 
Figure 1. Schematic diagram of generalized connections between thalamic, cortical and subplate 
neurons, leading up to and around term equivalent age (approximately). Circles represent cell bodies 
of thalamic neurons, diamonds represent cell bodies of subplate neurons and triangles represent cell 
bodies of cortical pyramidal neurons. Black triangles indicate synapses. The subplate is a transient 
structure which disappears soon after term age, and only projections represented by vertical lines are 
central to our current model. At the neurodevelopmental stage illustrated, thalamo-cortical projections 
are established (represented by the solid vertical line) but cortico-thalamic projections are not yet fully 
functional (represented by the dashed vertical line; e.g. see Kanold and Luhmann, 2010). We propose 
this may temporarily result in a state of thalamo-cortical dysrhythmia (TCD) wherein the absence of 
“top-down” cortical modulation results in low-frequency bursting in thalamic neurons, which in turn is 
propagated to cortical neurons (via projections represented by the solid vertical line). We propose that 
such TCD underlies the high relative delta power typical of this neurodevelopmental stage, in healthy 
preterm- and term-born infants. Under this framework development of functional cortico-thalamic 
connections would result in disappearance of TCD; this would account for the relative delta power 
decreases between preterm and post-term periods reported in some studies (e.g., Bell et al., 1991). 
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